This paper examines the credit rationing debate using detailed contract information on over one million commercial bank loans from 1977 to 1988. While commercial loan rates are "sticky," consistent with rationing, this stickiness varies with loan contract terms in ways that are not predicted by equilibrium credit rationing theory. In addition, the proportion of new loans issued under commitment does not increase significantly when credit markets are tight, despite the fact that borrowers without commitments can be rationed whereas commitment borrowers are contractually insulated from rationing. Overall, the data suggest that equilibrium rationing is not a significant macroeconomic phenomenon.
I. Introduction
The subject of credit rationing is the focus of a considerable body of theoretical analysis. One reason for this interest is the potentially important role that credit rationing may play in the transmission of monetary policy. Advocates of the availability doctrine in the 19505 suggested that monetary policy may operate in part through a rationing channel rather than an interest rate channel (e.g., Kareken 1957; Scott 1957) . This early work on credit rationing depended on ad hoc price rigidity arguments for its motivation. Later work by Jaffee and Russell (1976) and Stiglitz and Weiss (1981) demonstrated that credit rationing may persist in equilibrium using informationbased models. These papers spawned an entire generation of work on credit rationing based on an information-theoretic approach (e.g., Blinder and Stiglitz 1983; Wette 1983; Besanko and Thakor 1987 a, 1987b; Williamson 1987) .
Despite these theoretical efforts, there remains little consensus about whether credit rationing is an economically significant phenomenon. Riley (1987) argued that credit rationing in a Stiglitz-Weiss environment would be limited to the marginal class of observably distinct risk pools. Stiglitz and Weiss (1987) countered that Riley's result was model-specific rather than general. Others have argued that contractual mechanisms may be available that mitigate the rationing problem. These mechanisms include loan commitments (see Boot and Thakor 1989; Sofianos, Wachtel, and Melnik 1990 ) and collateral (see Bester 1985; Chan and Kanatas 1985; Besanko and Thakor 1987 b) . Given the reasoned arguments on all sides of this issue, it is clear that the significance or insignificance of credit rationing will have to be established empirically.
unfortunately, empirical tests of the extant theories of equilibrium credit rationing have been difficult to conduct because of the paucity of micro data on the contractual terms of commercial bank loans. Nevertheless, some evidence has been generated on this issue using macro data. Most of this research has exploited the fact that a key testable implication of credit rationing is that the commercial loan rate is "sticky"; that is, it does not fully respond to changes in openmarket rates. Often this research has focused on the speed with which the loan rate acljusts to market rates. Goldfeld (1966) and Jaffee (1971) found that the commercial loan rate was slow to adjust to open-market rate changes. Slovin and Sushka (1983) later found that the commercial loan rate was less "sticky" than in Goldfeld's or Jaffee's results and took this as evidence against the credit rationing hypothesis, although their result may be subject to an alternative interpretation. I Using a different approach, King (1986, p. 298) found "mixed support" for the credit rationing hypothesis. Sofianos et al. (1990) used time-series techniques and found evidence consistent with credit rationing, but only for loans funded without commitments. As discussed below, however, their results may also be subject to an alternative interpretation. This paper differs from previous empirical work on credit rationing of commercial loans in that individual loan data, rather than macro data, are employed. The micro data approach permits us to analyze the empirical implications of rationing models that relate to specific features of bank loan contracts and to examine the behavior of the commercial loan market at the individual loan level. The Federal Reserve's Survey of Terms of Bank Lending data set contains contract information on over 1,000,000 commercial loans made from 1977 to 1988.
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Consistent with previous studies, we find evidence ofloan rate stickiness. In contrast to previous studies, however, we do not assume that this necessarily reflects credit rationing. While sticky loan pricing is consistent with the rationing hypothesis, it is not by itself sufficient evidence of it. One alternative explanation is that banks may offer implicit interest rate insurance to risk-averse repeat borrowers in the form of below-market rates during periods of high market rates, for which the banks are later compensated when market rates are low (see Fried and Howitt 1980) . Another possibility is that stickiness may be the result of loan recontracting between banks and companies experiencing financial distress when market interest rates are high. To avoid bankruptcy costs, banks may be willing to renegotiate and grant new loans at concessionary rates to such companies at these times (see Sharpe 1991) .
In this paper, we develop a number of empirical tests that are capable of differentiating credit rationing from alternative explanations of price stickiness in commercial lending. We examine how loan rate stickiness varies across several loan contract features that may be related to rationing behavior. In addition, a more direct and definitive test of the quantitative effects of rationing focuses on the proporcases. They concluded that "movements in interest rates are fully and quickly transmitted to commercial loan customers" (p. 1595), but an alternative conclusion is that the transmission mechanism takes at least two quarters and perhaps more. 2 There have also been a number of studies of credit rationing in the mortgage market. Duca and Rosenthal (1991) examined the behavior of the ratio of Federal Housing Administration (FHA) mortgages to total mortgages in the "post-disintermediation era," arguing that FHA mortgages are less vulnerable to rationing because they are government guaranteed. They found evidence of "default-risk induced" rationing in the form of a positive relationship between FHA market share and the spread of AAA-over A-rated corporate bonds. See also Jaffee and Rosen (1979) , Hendershott (1980) , and Rosen and Rosen (1980) .
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JOURNAL OF POLITICAL ECONOMY tion of new loans that are issued under commitment. If rationing were widespread, this proportion would necessarily increase when credit markets are tight because borrowers without commitments can be rationed whereas commitment borrowers are contractually insulated from rationing.
The paper proceeds as follows. Section II describes the data and the tests to be performed, and Section III gives the empirical results of those tests. Section IV presents conclusions.
II. Data and Test Descriptions
Our primary data source is the Federal Reserve's Survey of Terms of Bank Lending. Each quarter from 1977: 1 to 1988: 2, approximately 340 banks listed the individual characteristics of every domestic commercial and industrial loan and construction and land development loan made during one or more days of the first week of the second month of the quarter. The sample includes the 48 largest banks in the nation in terms of commercial and industrial lending plus 292 other banks chosen to represent the strata of smaller banks. Banks that withdrew from the sample were replaced with banks of similar size and other characteristics. In all, 460 different banks are represented in the sample. Table 1 gives a description of each variable, as well as its sample mean, standard deviation, and number of independent observations.
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The data set is quite large, with 1,103,933 independent observations on the terms of individual loans taken from 460 different banks and 46 time periods. The bank and macro variables, which have fewer independent observations, were allocated to their corresponding loan observations.
Tests of Loan Rate Stickiness
The "stickiness tests" involve regressing the loan rate premium (PREM) against measures of real or nominal rates, the key loan contract variables, and a number of control variables for characteristics of the loan contract, the issuing bank, and the macro environment. For fixed-rate loans, PREM is the annualized (nominal) loan interest rate less the (nominal) rate on a Treasury security of comparable duration. For floating-rate loans, we ideally would subtract the Treasury rate with duration equal to the expected repricing interval, but this cannot be precisely determined from the data. As an approxima-tion, we assume that all floating rate loans are expected to be repriced within 4 weeks and use the Treasury rate with duration equal to the minimum of the loan duration and 4 weeks. 4 The primary exogenous variables are the comparable Treasury rate for each loan (TRA TE) and its square (TRA TE2), which measure open-market rates and summarize credit market conditions relevant to rationing. Note that the use of PREM and the TRATE variables allows for nonlinearities in the term structure of interest rates, which would not be the case if the loan rate were used instead as the dependent variable and a single representative Treasury rate and the loan duration were included as regressors. A second measure of credit market tightness is the dummy variable CRUNCH, which takes on the value one for quarters in which Eckstein and Sinai (1986) determined that a credit crunch was operative. This variable allows for additional nonlinear effects of credit market conditions and allows us to focus particularly on the time periods in which rationing may have been most likely to occur:"
The analysis was conducted using both real and nominal interest rates as exogenous variables, denoted by TRA TER and TRA TEN, respectively. This represents a break from the empirical literature, which generally considers only nominal rates. Note that the dependent variable PREM does not depend on real versus nominal considerations, since it is the difference between two rates of the same duration. The use of the real rate (TRA TER) more closely corresponds with the theoretical literature on credit rationing, which essentially describes a real phenomenon. Unfortunately, use of the real rate suffers in practice because inflationary expectations are unknown. In estimating inflationary expectations, we tried models of both rational and adaptive expectations as well as the Livingston Survey data. Since the results were similar across approaches, we simply report the results from using the Livingston data here. Use of the nominal rate (TRA TEN) has the virtue of largely avoiding mismeasurement problems, but it may fail to capture effectively the changes in credit market tightness. However, to the extent that some economic agents react to Annualized loan interest rate minus the rate for a Treasury seClirity of equal duration, except that floating-rate loans over 4 weeks use the 4-week Treasury rate Real interest rate on a comparable Treasury security for the individual loan (as in PREM), calculated using the Livingston Survey of intlationary expectations Nominal interest rate on a comparable Treasury security for the individual loan (as in PREM) Equals one for quarters in which a credit crunch was operative, using Eckstein and Sinai (1986 ): 1978 :2-1980 :1, 1981 :1-1981 Jaffee and Russell (1976) and Stiglitz and Weiss (1981) models of equilibrium credit rationing. These are one-period models of lender responses to current credit market conditions. Therefore, the current comparable Treasury rate for the loan and its square seem to be good summary statistics for the conditions relevant to the setting of rates and rationing policies on newl)' issued loans. Thus the model tests whether, in equilibrium, banks raise loan rates equally with increases in risk-free open-market rates or whether they ration loan funds, not how long it takes to reach equilibrium.
In some of the regression models, the credit market tightness variables TRATE and CRUNCH are interacted with three key contract variables, COMMIT, COLLAT, and FLOAT, in order to determine whether loans with different contract terms exhibit different degrees of stickiness. Under a loan commitment contract, the lender agrees to extend credit at the borrower's request up to some prespecified amount over a given time period. Commitments explicitly provide insurance against credit rationing because they preclude the bank from denying a funding request on the basis of general market conditions (see Melnik and Plaut 1986; Sofianos et al. 1990) .5 Indeed, a recent loan officer survey (Board of Governors 1988) indicated that "protection against credit crunches" ranked only behind minimizing transactions costs as a motivation for commitments. Therefore, any observed stickiness on commitment loans cannot reflect credit rationing of commitment borrowers, since they are contractually insulated from rationing.
The difference in stickiness between commitment and noncommitment loan rates may also reflect the difference in relative magnitudes of information problems between commitment and noncommitment borrowers and in the power of micro contracting to solve these problems. A study of loan commitments found commitment loans to be safer on average than noncommitment loans, suggesting that commitment borrowers may have fewer than average information problems (see Avery and Berger 1991) , although in some tangentially related research, commitments are not negatively related to all the risk measures (see Udell 1990, 1992) . The nature of the commitment contract or the commitment selection process might also attenuate the kinds of information problems that have typically been associated with credit rationing (see Boot, Thakor, and Udell 1987; Kanatas 1987; Thakor and Udell 1987; Berkovitch and Greenbaum 1991) . Thus if information problems are creating the stickiness, it is likely that commitment loan rates would be less sticky, reflecting fewer information problems for commitment borrowers or the attenuation of these problems by the commitments.
Collateral has been found to be associated with higher risk and therefore may be associated with more information problems and loan rate stickiness (see Berger and Udell 1990) . However, the pledging of collateral can also mitigate information problems, reducing the associated stickiness (see Bester 1985; Chan and Kanatas 1985; Besanko and Thakor 1987a, 1987b) . Thus rates on secured loans may be more or less sticky than unsecured loans. Finally, floating-rate loans may have a different degree of stickiness than fixed-rate loans because of any sorting associated with the degree of fixity in rate repricing or differences related to the sharing of interest rate risk.
Tests of the Proportions of Loans with Different Contract Features
The "proportions tests" examine the testable implications of credit rationing that relate to how the proportions of new loans with different contract features vary with credit market tightness. The methodology is to form logit models of the probabilities that one dollar being lent for 1 year will (i) be under commitment, (ii) be secured, or (iii) be floating rate. Computing limitations rule out the possibility of using observation-by-observation logit estimations, so grouped logit models were formed by combining the loans made by a given bank at a given time. For every variable for which data were available by individual loan, a weighted average across all the loans for the bank-date combination was formed, with the weights being proportional to the size and duration of the individual loans. In this way, each loan is represented in proportion to its contribution to the bank's future loan portfolio. 7 The dependent variables were also transformed into logodds ratio form In [Y/(1 -Y) ], where Y is the size-duration weighted proportion of new loans with the characteristic being examined (e.g., COMMIT) . This form preserves the functional relationship of the observation-by-observation logit form but loses some information by averaging. Each regression was estimated by weighted least squares to avoid heteroskedasticity problems.
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The COMMIT proportions test provides a relatively direct and definitive test of the quantitative significance of credit rationing. If credit rationing is economically important, then the proportion of new bank loans made under commitment must increase substantially with open-market rates and credit market tightness. Simply put, rationing decreases the quantity of noncommitment lending from what it otherwise would have been but cannot reduce the quantity of commitment lending because of contractual constraints.
9 Two other factors related to information problems may also induce a positive relationship between open-market rates and the commitment proportion even if no rationing actually occurs: (i) borrowers may avoid rationing by switching funding from noncommitment sources to existing commitment lines (if not deterred by commitment covenants) or (ii) more borrowers may purchase commitment contracts when the probability of being rationed is increased.
lo It follows that a virtual necessary, but not sufficient, condition for rationing to be an important macroeconomic phenomenon is that the proportion of new loans made under commitment increases substantially when open-market interest rates rise.
The COLLAT and FLOAT proportions tests are intended to reveal the extent to which rationing, if it occurs, affects borrowers with different contract terms differently. For instance, how the COLLAT proportion reacts to changes in open-market interest rates may reveal the net effect of (i) the difference in information problems for secured versus unsecured borrowers, (ii) the extent to which collateral arrangements solve these problems, and (iii) the extent to which bor-8 Each observation was divided by the estimated standard deviation of its error term,
where n is the sum of the size-duration weights for all the loans embodied in the bank-date observation. 9 The only case in which rationing would not be reflected in the proportion of loans made under commitment would occur if rationing were demand-induced and the increased demand came only from noncommitment borrowers. In this case, there would be excess demand for noncommitment loans, but the quantities of both commitment and noncommitment loans would remain constant. Although possible, this case seems quite unlikely. Increases in aggregate demand are generally associated with increased funding under working capital commitment lines to finance inventory replenishment, so that, if anything, the commitment proportion would increase.
10 This latter argument assumes that there are some fixed costs associated with issuing commitments that do not generally increase with the probability of takedown. An example might be the expected costs associated with the difficulty of writing a "material adverse change clause" that adequately protects the bank against borrower credit deterioration. Without fixed costs, risk-averse borrowers would always purchase commitments from risk-neutral banks. rowers who do not pledge collateral when rates are low may pledge collateral when rates are high to avoid rationing.
Both the stickiness and the proportions regressions include a number of additional loan-specific, macro, and bank variables as control variables. The loan-specific contract variable LNSIZE accounts for the possibility of scale economies in lending and the possibility that loan size may also be associated with credit risk; LNDURATION accounts for the possibility of a nonrisk term premium component of the dependent variable or another scale economy in lending; DE-MAND accounts for differences in risk created by the bank's option to call a loan and any sorting effects related to this option. The OVERNIGHT, SINGFAM, MULTIFAM, and NONRES variables are exogenous factors that may provide information about the type of borrower or loan. The macro variables, GNPGROWTH, UNEM-PLOY, TIME, and the square of TIME, are included to control for the effects of non-credit market cycles, changes in aggregate risk, and other trends that may be correlated with credit market conditions. The bank variable LNBANKASSETS is included to account for the possibility of segmented markets in which different-sized banks have access to different types of borrowers. Finally, every regression contains dummy variables for every bank in the sample to control for systematic differences in pricing caused by the presence of other pricing elements (e.g., up-front fees or compensating balances), as well as differences in regulatory and competitive environments across banks. The use of the individual bank dummies essentially provides the strongest set of controls for any type of stable bank differences that can be specified. Tables 2 and 3 show the results of the stickiness tests. The loan rate premia (PREM) are regressed on real and nominal rates, respectively, as well as loan contract terms and macro and bank control variables, although the coefficients of the control variables are not shown here (see Berger and Udell [1989J for these coefficients) . All coefficients and derived statistics (including the coefficients of the control variables) are statistically significant because of the unusually large number of observations. The regression shown in column 1 of table 2 has as regressors the real Treasury rate appropriate for the individual loan (TRA TER) and its square (TRA TER2), but excludes CRUNCH and any interaction terms. The individual coefficients of TRA TER and TRA TER2 are difficult to interpret because the variables move This represents a substantial degree of stickiness in loan rates when compared to the historical average bank return on assets, which is less than 100 basis points. The elasticity of PREM with respect to TRA TER evaluated at the sample mean is also substantial, -.19. The regression shown in column 1 of table 3 repeats the experiment using nominal Treasury rates (TRA TEl'\, TRA TEN2) in place of the real rates. When nominal rates are increased by the same amount as the real rates (2.472 percent), the measured stickiness is somewhat less, 37 basis points. This becomes much larger, 99 basis points (not shown), if nominal rates are instead doubled from their relatively large sample mean value (8.608 percent). We consider the lesser of these two increases to be more reliable, since twice the mean nominal rate is well above the dense part of the TRA TEN distribution. The elasticity of PREM with respect to the nominal rate evaluated at the mean is -.34, which exceeds (in absolute value) the real rate elasticity because of the larger mean of TRA TEI'\. 12 Figure 1 illustrates the relationships between the loan rate premia and Treasury rates over time. The solid lines in the figure connect the size-duration weighted averages of PREM across all loans for each time period; the broken lines connect the weighted averages of TRATER in figure la and TRATEN in figure lb. As shown, PREM is very highly negatively correlated with both real and nominal rates over the period from about 1979: 4 to 1982 : 4 but is not highly related for the remainder of the sample. During this period, rates were at highs relative to the recent past, then fell and rose again to their sample peaks. The strong negative relationship during this period is consistent with credit rationing but is also consistent with the alternative theories of rate stickiness.
III. Empirical Results

Stickiness Test Results
By construction, the stickiness illustrated thus far is the same for II The formula for this change is (2f.l -f.l)~1 + [(2f.l)2 -f.l21~2' where f.l is the sample mean of TRA TE and ~I and ~2 are the coefficients of TRA TE and TRA TE2, respectively. 12 Kote that the stickiness results would be essentially unchanged if the second-order terms (TRATE2) were not included in the regressions. Excluding these terms gives measured drops in PREM from changing TRA TE of 53, 31, and 107 basis points in place of the reported 59, 37, and 99 basis points, respectively.
Copyright © 1992. All rights reserved. all types of loans since TRA TE was not interacted with any other variables in the regressions. However, as discussed above, most of the interesting testable implications apply to relative stickiness, which we turn to next. The regression shown in column 2 of table 2 reproduces tht; regression in column 1 but allows stickiness to differ across loans in four categories of commitment and floating-rate status. The dummy variables COMMIT and FLOAT are replaced by three interaction terms, COM-FLOAT, COM-FIXED, and NOCOM-FLOAT, and these variables are interacted with TRA TE, denoted by TRCopyright © 1992. All rights reserved.
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COM-FLOAT, TR-COM-FIXED, and TR-1\OCOM-FLOAT. This allows the four commitment-rate type combinations (including the unspecified category NOCOM-FIXED) to have independent degrees of stickiness. The results in column 2 suggest that all four categories of loans have sticky rates. When real rates are doubled, commitment loans have roughly the same stickiness as noncommitment loans for a given rate type (48 vs. 45 basis points for floating-rate and 71 vs. 80 basis points for fixed-rate), but floating-rate loans are substantially less sticky than fixed-rate loans for a given commitment status (48 vs. 71 basis points for commitment and 45 vs. 80 basis points for noncommitment). Column 3 replicates column 2 but adds the variable CRUNCH and its interactions with the other variables as well. The results show that during periods designated as credit crunches, the PREM actually increased for three of the four categories, contrary to the expectation under credit rationing that premia would be lower during credit crunches. In addition, an interaction term between TRA TER and CRUNCH added to the regression (not shown) had a positive coefficient, suggesting that the responsiveness of loan rates to open-market rates is greater during credit crunches, again contrary to expectations if borrowers are rationed during crunches. These findings suggest either that the observed stickiness in the other regressions is largely unrelated to credit rationing or that the EcksteinSinai credit crunches do not correspond well with rationing periods.
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The results for nominal rates shown in the corresponding columns in table 3 largely replicate those in table 2, with the exception that commitment loans display somewhat less stickiness than noncom mitment loans.
The finding that stickiness on commitment loans is substantial and is nearly the same as that on noncommitment loans of the same rate type suggests that the empirical literature that equated stickiness with credit rationing may be misleading. A large portion of all rate stickiness is accounted for by commitment loans and cannot be associated with credit rationing because commitment contracts preclude rationing. In addition, if the stickiness is caused by Stiglitz and Weiss-type information problems, we would expect rates on commitment loans to be less sticky than those on noncommitment loans, given the empirical results cited earlier and corroborated here that commitments are associated with higher than average quality borrowers who likely have relatively few information problems.
14 Therefore, the finding of near-equality of stickiness between commitment and noncommitment loan rates suggests that information problems are not the dominant reasons for rate stickiness. The finding that stickiness is much more prevalent on fixed-rate than floating-rate loans has no direct implications for credit rationing but may be consistent with an alternative hypothesis. If lenders provide implicit interest rate insurance, this result suggests that they do so through fixed-rate loan contracts that insulate the borrowers from rate variation over the life of the contract. 15 The results shown in columns 4 and 5 of tables 2 and 3 replicate the models shown in columns 2 and 3, respectively, except that COLLAT replaces COMMIT in all the interaction terms. The results again show that rates on fixed-rate loans are stickier than those on floatingrate loans. They also again show that stickiness is generally less during CRUNCH periods, contrary to the predictions of the extant theories of credit rationing. The new result is that secured loans exhibit more rate stickiness than other loans with the same floating-or fixed-rate status in most cases, although the difference is often slight. 16 If information problems are driving the rate stickiness, then the slightly greater stickiness of secured loan rates suggests that borrowers who pledge collateral have more information problems than other borrowers (consistent with their greater risk discussed above) and that the process of pledging collateral does not fully offset these problems.
We also reran the main regressions using rates of growth of aggregate loans in place of the TRA TE variables as alternative measures of credit market tightness (not shown). The results suggested that increasing credit tightness by reducing loan growth from its mean to zero actually results in slightly higher loan rate premia, contrary to the implications of credit rationing. The fact that loan rate premia do not consistently decline with alternative measures of credit market tightness (CRUNCH and reduced loan growth) suggests that rationing does not play an important role during periods of overall credit market tightness. This makes it more difficult to argue that credit rationing is an important macroeconomic phenomenon.
The stickiness data may also be used to examine Riley's (1987) version of credit rationing, which suggests that rationing would be for risk on commitment loans, consistent with Avery and Berger (1991) . Similar results hold when the other regressions are used.
15 Some of the observed stickiness on fixed·rate loans may occur because the rates have been locked in by fixed-rate commitment contracts issued in the past. Unfortunately, this cannot be determined from the data, which have information on whether the loan is fixed-rate, but not on whether the commitment is fixed-rate. 16 This comes from comparing the effects of COL-FLOAT with NOCOL-FLOAT and COL-FIXED with NOCOL-FIXED.
JOURNAL OF POLITICAL ECONOMY substantial only for the marginal class of observably distinct risk pools. If differences across rate premia at a given time largely reflect risk differentials, then the stickiness results shown in tables 2 and 3 would hold primarily for the loans with the highest premia (i.e., highest risk) under Riley's hypothesis. To examine this possibility, the data were ordered by PREM for each time period, separated into quintiles, and grouped with data from the same quintiles from all the other time periods. Rerunning the regressions separately for each quintile group showed that the stickiness prevailed over all five quintiles. When a difference appeared, the most stickiness was observed in the lowest-premium (i.e., safest) quintile and the least stickiness in the highest (i.e., riskiest) quintile. These results run contrary to the predictions of Riley's model. They also provide a robustness check of the main stickiness results, which prevail across different premia levels.
One final insight from the stickiness analysis comes from examination of the raw data on PREM. The data reveal that banks at times extend loans with interest rates below the comparable risk-free rate. To investigate this, we identify loans for which the rate is at least 1 percent below the comparable risk-free rate (i.e., PREM < -.01) to guard against overmeasuring negative premia lending. While these negative-premium loans are only 1.0 percent of the entire sample, their proportion varies directly with the interest rate cycle. They peaked at 7.0 percent of the sample when open-market rates were at their peak in 1982: 2, more than 70 times as high as in the mid to late 1980s when open-market rates were substantially lower. The incidence of negative-premia loans is also more than 10 times as great on fixed-rate loans as on floating-rate loans, 2.3 percent versus 0.2 percent, respectively. These data are not consistent with extant theories of credit rationing, which require that banks earn a nonnegative expected economic profit on each loan by charging a rate sufficiently above the risk-free rate to compensate for expected credit losses. However, lending at a negative premium is consistent with other explanations of stickiness that recognize long-term lending relationships, such as implicit interest rate insurance or recontracting with financially distressed borrowers.
Overall, the stickiness results suggest that the empirical literature that equated stickiness with credit rationing may have been misleading because of the lack of available information on specific loan contract terms. With the notable exception of some of the collateral results, the data generally do not support the currently available theories of credit rationing as the dominant explanations of the stickiness. Nearly half of the observed stickiness occurs on commitment loans that cannot be symptomatic of rationing of this pool of borrowers, since they are contractually protected from rationing. Similarly, the portion of stickiness that is due to negative rate premia cannot reflect equilibrium credit rationing, which requires a nonnegative expected profit on each loan. The near-equality of stickiness on commitment and noncommitment loans casts additional doubt on whether information problems are major causes of stickiness, given the evidence in the literature that commitment loans are relatively safe and are likely associated with relatively few information problems. In addition, the finding that loan rate premia generally do not decrease in response to alternative measures of credit market tightness also casts doubts on whether the observed stickiness is symptomatic of credit rationing. I? Tables 4 and 5 give the results for the proportions tests using real and nominal Treasury rates, respectively. The dependent variables are log-odds ratios (In[Y/(l -Y)]) for the three important loan characteristics, COMMIT, COLLAT, and FLOAT. The exogenous variables are the same as those in the stickiness tests, except that all loan variables are size-duration weighted and no interaction terms are specified. Column I of tables 4 and 5 shows the regressions for the probabilities that a dollar-year of loans will be made under commitment as functions of real and nominal rates, respectively; column 2 of both tables adds the CRUNCH variable. As discussed above, if credit rationing is an important macroeconomic phenomenon, then it is a virtual necessary condition that the proportion of new loans issued under commitment be substantially higher when rates are high. As shown in the bottom section of column 1 in table 4, a doubling of real rates yields a .069 increase in the log-odds ratio In[COMMIT/(1 -COMMIT)). As also shown, this translates into an increase in the probability of COMMIT of 1.7 percent when evaluated at the mean probability of COMMIT of 49.7 percent.
Proportions Test Results
18 Note 17 It is interesting to note that the type of stickiness found here does not appear to carryover to corporate bond rates, suggesting that bank loan rates may be special in this regard. Lamy and Thompson (1988) found that the rate premium on primary issue corporate bonds increased rather than decreased with Treasury rates in a model in which risk (as measured by bond ratings) was controlled for and interacted with changes in Treasury rates. Their procedure is similar to our interactions between loan contract features and TRA TE. 18 The change in probability from changing exogenous variables in a logit equation is given by exp(Lo + AL)
where PI and Po are the new and initial probabilities, Lo is the log-odds ratio In [Po/(lPol, and AL is the predicted change in the log-odds ratio from changing the exogenous variables. that this 1.7 percent is effectively an estimate of the maximum effect of a doubling of real rates, since the logit specification yields the maximum derivatives at a 50 percent probability, with smaller effects toward the limiting probabilities of zero and 100 percent. The CRUNCH variable in column 2 of table 4 again goes in the opposite direction of that predicted by rationing and actually has a larger absolute effect (-3.5 percent) than the doubling of real rates. Similarly, when the rate of real or nominal aggregate loan growth was substituted for TRA TER, the predicted effect from decreasing loan growth from the mean to zero actually reduced the probability of COMMIT, contrary to the implications of credit rationing (not shown). The effects of nominal rates shown in columns 1 and 2 of table 5 show a decrease in the probability of COMMIT of about 1 percent, with both CRUNCH and nominal loan growth (not shown) also predicting a decrease in COMMIT when markets are tight. Thus in all but one of six cases, the COMMIT probability moves in the opposite direction of that predicted by rationing theory, and the one exception is a very small increase. Figure 2 illustrates the relationships between the COMMIT/NOK-COMMIT ratio and Treasury rates over time. The solid lines in the figure connect the size-duration weighted averages of the COMMITI KONCOMMIT ratio for each time period, and the broken lines connect the weighted averages of TRA TER and TRA TEN. The ratio is negatively correlated with both real and nominal rates over the 1979: 4-1982 : 4 period and is either positively correlated or uncorrelated with open-market rates for the remainder of the sample. This runs counter to the empirical predictions of the credit rationing hypothesis since cyclical rationing would be most likely to appear during the volatile period in which real interest rates went up and down from their sample maximum levels. However, it should be noted that when the sample was split into early and late subsamples and the regressions were rerun (not shown), the computed effects of TRA TE on COMMIT/NONCOMMIT remained about the same as those reported in tables 4 and 5, apparently because of changes in the control variables. 19 For additional evidence, the COMMIT regressions in tables 4 and 5 were also rerun using as dependent variables the quantities of commitment and noncommitment loans in place of the log-odds ratios (not reported in the tables). Both types of loans were found to be increasing in the interest rate, suggesting that both commitment and noncommitment borrowers are able to obtain funding when rates are .... high. Thus even if some noncommitment borrower pools are subject to rationing, these data suggest that other noncommitment borrower pools increase their borrowing, more than offsetting any rationing effect in the aggregate.
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The log·odds and quantity COMMIT regressions together suggest that information-based, equilibrium credit rationing, if it exists, may be relatively small and economically insignificant. The one small in-site effect of market rates. These findings are consistent with the stickiness results, which suggested that even after the pledging process, the remaining information problems are greater than average for the pools of borrowers in which collateral is pledged. These results also suggest that to the extent that rationing occurs, secured borrowers are more often rationed than unsecured borrowers. However, rerunning the regressions using the quantities of secured and unsecured loans as the dependent variables in place of the log-odds ratio (not shown in the tables) indicated that both secured and unsecured loans tend to increase when rates are high. This suggests that the rationing of secured borrowers, if it occurs, may not have much macroeconomic significance since other secured borrowers apparently make up the difference by increasing their borrowing.
The final columns in tables 4 and 5 show the regressions for the probability of FLOAT. The results show a small decrease in the FLOAT proportion of about 1-3 percent when open-market rates increase by 2.5 percent. This provides some weak evidence for the implicit interest rate insurance hypothesis to the extent that a fixedrate loan is a superior vehicle to a floating-rate loan for providing this insurance. Rerunning the regressions using the quantities of floating-rate and fixed-rate loans as dependent variables (not shown in the tables) yielded a prediction that both types of loans increase with open-market rates.
Overall, the proportions tests suggest that credit rationing of commercial bank loan customers is not likely to be an important macroeconomic phenomenon. The proportion of new loans issued under commitment does not increase substantially when real rates rise and actually decreases when most of the measures of credit market tightness increase, despite the fact that rationing can occur only by decreasing noncommitment loans. Moreover, the slight increase in the commitment proportion in the real rate regression appears to come about not because of a decrease in noncommitment loans, but simply because noncommitment loans increase by less than commitment loans do when interest rates increase. Increases in the money stock for a given interest rate also tend to increase commitment loans more than noncommitment loans, again contrary to the predictions of credit rationing.
Finally, we note that both the stickiness and proportions tests were subjected to a number of robustness checks beyond those reported above. The regressions were rerun using data from 1977 through 1983, leaving off the 1984-88 period, when it is generally agreed that rationing would be less severe or nonexistent. The results were qualitatively unaffected by this data omission. The stickiness regressions were rerun using the 3-month Treasury rate for every loan rather than the comparable Treasury rate for the loan, and most of the results were similar. The stickiness regressions were also rerun with the TRA TE variable interacted with LNSIZE, and with dummy variables for whether rates were increasing or decreasing. These interactions did not change the results qualitatively.21 The proportions regressions for the three key contract terms were also rerun with each of the other two contract terms excluded as regressors, with no qualitative change in results.
IV. Conclusions
This paper has examined the empirical significance of informationbased, equilibrium credit rationing of commercial bank loan customers by focusing on specific elements of the commercial loan contract. Such an analysis is suggested by the extant theories of credit rationing, which offer a variety of testable implications vis-a-vis specific loan contract features, particularly commitments. Earlier empirical studies have been unable to examine these implications because information on loan contract features has generally been unavailable.
Our major empirical results and their implications are summarized in table 6. As in earlier studies, our results suggest that the commercial loan rate is sticky with respect to open-market rates, consistent with rationing. In contrast to other studies, however, use of the data on the key loan contract terms suggests that most of the stickiness does not reflect credit rationing. Nearly half of the observed loan rate stickiness occurs on loans made to commitment borrowers, who are contractually protected from rationing. Some of the remaining stickiness involves loans whose rate premia actually become negative when open-market rates are high, which also cannot be symptomatic of equilibrium credit rationing. Also in contrast to other studies, we are able to verify the robustness of our results using alternative measures of credit market tightness.
The most compelling evidence on rationing concerns the proportion of new loans made under commitment. Rationing requires that the fraction of new loans under commitment rise when open-market rates are high, since noncommitment borrowers are rationed and commitment borrowers are not. Our results suggest that this phenomenon does not occur to any great extent, and, in fact, the commitment ratio decreases with most of our measures of credit market tightness. The data also indicate that all types of commercial loans, Inconsistent with credit rationing having macroeconomic significance because only non commitment borrowers can be rationed Inconsistent with credit rationing having macroeconomic significance. If some noncommitment borrowers are rationed, others increase borrowing and make up for it Inconsistent with credit rationing, which predicts that money channel (Le., rationing) affects only noncommitment loans Consistent with greater relative rationing of riskier borrowers, but others increase borrowing, and make up for it
Consistent with implicit interest rate insurance hypothesis
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including noncommitment loans, tend to increase in quantity during periods of high interest rates. This suggests that to the extent that some borrowers may be rationed, others take their places and receive bank loans. Taken together, the results in this paper do not rule out the existence of information-based equilibrium credit rationing of commercial bank borrowers, but they make it difficult to argue that such rationing constitutes an important macroeconomic phenomenon.
